Abstract: The National Preventive Dentistry Demonstration Program assessed the cost and effectiveness of various types and combinations of school-based preventive dental care procedures. The program involved 20,052 first, second, and fifth graders from five fluoridated and five nonfluoridated communities. These children were examined at baseline and assigned to one of six treatment regimens. Four years later, 9,566 members of this group were examined again. Analyses of their dental examination data showed that dental health lessons, brushing and flossing, fluoride tablets and mouthrinsing, and professionally applied topical fluorides were not
Introduction
Numerous articles published over the past 30 years have reported that systemic fluorides, obtained through fluoridated water supplies and tablets, are very effective in preventing dental decay in children." 2 Fluoride protection also can be obtained topically, through toothpaste, mouthrinse, and professionally applied fluoride treatments. - ' The application of a resin coating, called "pit and fissure sealant," to the occlusal surfaces of the posterior teeth also has been shown to be very successful in preventing decay.6'7 Because fluorides are most effective in preventing dental caries on smooth tooth surfaces8 whereas sealants are applied primarily to occlusal surfaces, it has been assumed that the combination of systemic fluorides, topical fluorides, and sealants would virtually eliminate all dental decay in children.
Arguments in favor of preventive dental care are often supported by comparisons between the estimated costs of the preventive procedures and the costs of restoring (through fillings) the tooth surfaces that would otherwise have been affected by decay.9 Several articles have ascribed relatively low costs for these procedures when they are delivered to children in their schools.'0-'2 For example, it has been estimated that the annual costs of a school based topical fluoride mouthrinse program ranges from $0.71 to $9.27 per child'3 whereas the cost in 1981 dollars of restoring a surface (through the placement of an amalgam filling) is about $19.92. '4 The National Preventive Dentistry Demonstration Pro-effective in reducing a substantial amount of dental decay, even when all of these procedures were used together. Occlusal sealants prevented one to two carious surfaces in four years. Children who were especially susceptible to decay did not benefit appreciably more from any of the preventive measures than did children in general. Annual direct per capita costs were $23 for sealant or fluoride prophy/gel applications and $3. gram was undertaken to test two hypotheses: 1) the combination of fluorides and sealants would eliminate almost all dental caries in children; and 2) the cost of school-based preventive dental care would be quite low, especially in comparison to the costs of restoring the surfaces that would have become decayed if this care had not been provided.
Methods
Program Sites
Announcements about the study were sent to dental schools, dental associations, health departments, and education agencies throughout the United States.' 1 These announcements described the study's procedures and requirements for participation, such as high student retention rate, no previous involvement in a school-based preventive dental health program, and a willingness on the part of teachers and school district staff to participate. Ten sites were selected from the 120 that applied on the basis that: 1) they could satisfy these requirements; and 2) they varied on factors that were known to be related to dental decay. Table I lists the 10 study sites. Five of these sites reportedly had optimally fluoridated water supplies for their region (.8 or 1.0 ppm F ion), whereas the other five were designated as "nonfluoridated" (less than .2 ppm F ion). It was discovered shortly after the program began that one of the reportedly nonfluoridated sites (Wichita, Kansas) actually had about .4 ppm F ion in its water supply whereas one of the supposedly fluoridated sites (Hayward, California) had intermittant fluoridation during the 10-year period before the program started. The sites varied in urbanization, average socioeconomic status, per cent of children in four racial/ ethnic groups (Anglo, Black, Hispanic, and Asian), prevalence of dental decay, and type of local sponsoring agency (e.g., school district and health department).
Sample
Eighty-two per cent of the children who were eligible to enroll in the study obtained their parents' written consent to 1 or 2 at a site were combined into one group because of the similarity of their data. The children in all four cohorts received annual dental examinations for four years after baseline, provided they were still enrolled in the study. The sample used to measure the effectiveness of the preventive procedures consisted of the 9,566 children who received both the baseline and the final examination. The loss of 52 per cent of the baseline population in 48 months yielded a relatively low attrition rate per month compared to other studies of school-based preventive dental care.4 '6 Discontinuing the New York site after the third year accounted for 10 per cent of the attrition. The remaining 42 per cent attrition was due mainly to children leaving their site during the course of the study, not obtaining parental consent to participate in the fourth year (the initial consents were for three years), or having braces placed on their teeth. There was no systematic relationship between attrition rate and treatment group across sites in any of the four cohorts; and, there was essentially no difference in average baseline dental decay level between the children who did and did not complete the program. cross-sectional comparison data. The children in one group received just a baseline examination whereas those in the other group were seen only at the end of the program. The 4,320 children in the first group were drawn from grades 3, 4, 6, 7, and 8 at the same schools as those who were assigned to the program's treatment regimens. The 4,746 children in the second group also attended these schools, but they did not receive any preventive care from the program. These children were in grades 1 through 9 at the time they were examined.
Examinations
Annual clinical (visual-tactile) examinations were performed by 31 X X X _ _ _ X X Classroom Teachers 0.2% neutral sodium F mouthrnse (1 x/week) X X -X _ _ X X X _ Classroom Teachers 1 mg F in 2.2 mg of neutral sodium F tablet (5x/week) X X -X . .
Classroom Teachers Biweekly brushing and flossing, 10 health lessons/year, and home supply of F dentifrice X X -X X _ X X -X NOTE: F = fluoride. An X indicates the regimen included the procedure. Children in all six regimens received annual dental examinations. All classroom procedures were discontinued after two years in cohort 5.
Analysis of Treatment Effects
The analysis of treatment effectiveness focused on the number of decayed, missing due to decay, and filled permanent tooth surfaces that a child acquired between baseline and the end of the study (about a 48-month period), hereafter referred to as the child's DMFS increment score.
Only 1 to 3 per cent of the variation among children in DMFS increment scores was uniquely associated with the school they attended.19 This finding, and the fact that each school in a site-regimen combination tended to enroll about the same number of children, meant that regimen means were not sensitive to the choice of the child or school as the unit of analysis. For example, in 20 of the 24 cohort/regimen combinations, the mean four-year DMFS increment score computed using the school as the unit was within .09 surfaces of the mean computed using the child as the unit. The average difference was .05 surfaces. We chose the child as the unit because it allowed us to study whether the treatment procedures were especially effective with children who were unusually susceptible to decay and it allowed us to control for differences in the background characteristics of children in different schools.
Differences in mean DMFS increment scores between treatment and control regimens were explored through a series of analyses of covariance. This technique allowed us to estimate what the mean DMFS increment score in a regimen would have been if: each regimen had half boys and half girls; each regimen had an equal number of children from each site; there were no differences among regimens in Separate analyses were run for four groups of children. Groups were defined on the basis of their site's water supply (fluoridated or nonfluoridated) and baseline grade level (first + second graders or fifth graders). In order to increase the sensitivity of statistical tests, a preventive procedure's effectiveness was assessed with data from all the regimens that used it. 19 For example, information on the set of classroom components was provided by comparisons between regimens 1 and 3, and between 4 and 6. Because the results of these comparisons did not differ significantly from each other, the reported classroom effect is the average of these two estimates.
Although using the child rather than the school as the unit of analysis had little effect on regimen means, it could bias tests for differences between means. The standard errors generated in the analyses of covariance (and presented in a previous report'9) were therefore rescaled to control for the small (.00 to .02) intra-school correlations in the covariate-adjusted DMFS increment scores. The rescaling, using a procedure described by Scott and Holt,20 involved multiplying all of a cohort's analysis of covariance standard errors by a constant. The constants were 1.14, 1.29, 1.45, and 1.00 for cohorts 1+2 and 5 at nonfluoridated sites and cohorts 1+2 and 5 at fluoridated sites, respectively.
Cost Analysis Procedures
The resources required to provide the treatment regimens were measured conservatively using the following procedures:
Labor: All the members of a site's dental team (coordinator, dentist, hygienists, dental assistants, and clerk) indicated how they spent each 30-minute interval of each work day (i.e., type of activity and in which regimen the activity was conducted). The cost of this time was computed initially on the basis of hourly wage rates.
Direct labor costs excluded time spent by teachers, volunteers, and other school personnel; site staff downtime (such as when children were not available for care), vacation time, and other necessary indirect expenses; and time spent in conducting administrative and research activities, such as the annual dental examinations. Research staff time, such as in providing computer support and in hiring and training site staff, also were not considered in computing direct labor costs.
Capital: This category included the amortized cost of the equipment, such as portable dental chairs and lights, that were used to provide the preventive procedures. These costs were allocated to procedures and then to regimens in proportion to their use of this equipment.
Materials: Essentially all consumable supplies were purchased centrally in bulk for the study and then shipped to the sites. The costs of these materials were allocated to the preventive procedures and then to regimens in proportion to the number of children who consumed them.
Results

Program Implementation
Examination data indicated that sealants were provided to 96 per cent of the children scheduled to receive them. Almost all of the remaining 4 per cent did not have teeth that were suitable for sealing. Treatment records showed that 79 per cent of the children scheduled to receive a total of four gel applications during the middle 24 months of the study received all four whereas 7 per cent received less than three, 12 per cent received three, and 2 per cent received more than four.'9 The primary reason some children did not receive their full set of gel applications was that they were absent on the days the clinic team visited their school. Questionnaire surveys of teachers and principals conducted during the study, monitoring visits by program staff, and analyses of the quantities of supplies used indicated that school personnel generally understood and followed the protocols for administering the dental health lessons and the brushing, flossing, mouthrinse, and tablet components.19,2'
Almost 50 per cent of the teachers complained about the amount of time it took to provide the classroom procedures. They estimated that the total number of minutes spent in a typical week was: 16 to 30 for biweekly brushing and flossing, 6 to 11 for weekly mouthrinse, and 20 to 25 for daily tablets. Teacher complaints about the time required to administer these procedures were less common at the lower grade levels even though the time spent in delivering the procedures to younger children exceeded that for older children. Throughout the program, teachers of grades 1, 2, and 3 were more willing to continue to use the classroom procedures than were teachers at the upper grade levels.
Treatment Effects
All the children who received both a baseline and a final examination were included in the analysis of treatment effects regardless of whether they received all their scheduled treatments. This approach was adopted in order to assess the effectiveness of the procedures under actual field conditions. Our results may therefore differ from those obtained under the special requirements of a randomized clinical trial. Table 4 shows the number of surfaces saved from decay by each regimen in four years in comparison to its longitudinal control group. For instance, at fluoridated sites, the mean DMFS increment in cohort 5's longitudinal control group was 3.07 as compared to 1.05 in regimen 1. This 2.02 surface difference corresponds to a 66 per cent reduction in decay. It is evident from these data that the children in the sealant regimens (1, 2, and 3 at fluoridated sites; and 1 and 3 at nonfluoridated sites) developed consistently less decay than their respective control groups. There were only two instances in which a nonsealant regimen had a statistically significantly lower mean increment score than its control group: regimens 2 and 4 with cohort 1+2 children at nonfluoridated sites. Table 5 shows the amount of decay prevented in four years by each procedure, the combination of all of the clinic procedures, and the combination of all of the classroom procedures. The methods used to compute these effects are described by Bell'9 and, on the basis of preliminary analyses, assume there are no interactions among procedures. Direct treatment costs were calculated for school years 2 and 3.22 These two years were chosen in order to eliminate possible biases due to start-up or close-down activities. The two years had very similar costs for a given regimen. There were no differences in the average costs of regimen 2 that were systematically related to fluoridation status even though this regimen involved sealants at fluoridated sites and prophy/gel treatments at nonfluoridated sites. Thus, the data for this regimen were combined across site types. Similarly, the incremental cost of providing fluoride tablets was so negligible that it did not require separate cost analyses for fluoridated and nonflouridated sites. All costs are reported in 1981 dollars in order to facilitate comparisons with other studies.
There was considerable variation among sites in the direct costs of each regimen. This variation occurred because: 1) the sites differed in mean cost of living and thereby local wage rates; 2) state laws at three sites required that a dentist be present to perform or supervise certain tasks; 3) El Paso had high costs for just the regimens that involved classroom procedures because its staff devoted considerable time to developing instructional materials that were shared with the other sites; and 4) New York had atypically high costs for all regimens. The intersite variation in actual costs was reduced substantially by spreading the El Paso educational development costs across all 10 sites, eliminating New York's data from the cost analysis, and then adjusting for the other two factors listed above. For example, the following hourly wage rates were assigned to all sites: dentist, $20; site coordinator, $13; hygienist, $10; dental assistant, $6.50; and clerk, $6.
These rates were very close to the nine-site averages for these job classifications. Thus, it cost about $8 to $9 to seal a tooth and maintain that seal.
The cost of adding fluoride mouthrinsing to a supervised dental health program that already included lessons and brushing was estimated in two ways: 1) regimen 4 -regimen 5 = $3.41; and b) regimen I -(regimens 3 + 5) = $3.16. The average of these two estimates is $3.29.
Discussion
Prevalence The study's most caries prone children, cohort 5 longitudinal control group at nonfluoridated sites, averaged less than 1.25 newly affected surfaces per year. The mean in each of the other three longitudinal control groups was much less than one surface per year. These small increases in decay level are consistent with prevalence data that have recently been reported by others. 23 For example, in the national surveys conducted between 1963 and 1973,24-27 12-year-olds had about 6.6 surfaces affected by decay whereas in the 1979-80 survey,28 12-year-olds had only 4.2 affected surfaces. This large decline has been found in both nonfluoridated and fluoridated communities and is probably due to several factors, including the increased prevalence of fluorides "in the food chain, especially from the use of fluoridated water in food processing, increased use of infant formulas with measurable fluoride content, and even unintentional ingestion of fluoride dentifrices." 29 The study's cross-sectional data also suggest there has been a significant decline in decay level. ' ceived; and 3) if non-program preventive care had a significant impact, we would not have been able to detect the large sealant effect that was obtained.
Our finding that fluoride mouthrinsing prevented only slightly more than one-tenth of a decayed surface per year in cohort 1+2 is consistent with the results obtained with children of comparable age in the only randomized clinical trial of weekly sodium fluoride rinse that has been conducted in a nonfluoridated community in the United States in the past 15 years.3' Our results with cohort 1+2 also are consistent with those obtained in the only other large scale study of fluoride rinsing, i.e., the one conducted by the National Institute of Dental Research (NIDR) in 17 nonfluoridated communities across the United States."3 NIDR reported that children in grades 1-8 in 1975 who had not rinsed in school had an average of one more carious surface than children in grades 1-8 at these same schools in 1979-80 who had rinsed for three years, i.e., an apparent preventive effect of . 33 Table 6 .
Costs versus Effectiveness
The application of sealants was the only school-based procedure that was consistently effective in reducing decay. However, the average direct cost of providing sealants as part of a school-based program (about $23 per child per year if not provided in conjunction with fluoride prophy/gel applications) was far more than the total cost of restoring the .25 to .50 surfaces that sealants prevented from becoming decayed per year (@ $19.92 per restoration).
The study strongly reaffirmed the value of communal water fluoridation. The cohort 1+2 longitudinal control group at nonfluoridated sites experienced 0.94 more DMF surfaces in four years than the comparable group at fluoridated sites. There was a 1.68 surface savings due to water fluoridation with the cohort 5 children. The reductions in decay attributable to water fluoridation in both cohorts are therefore almost the same as those obtained in these cohorts with sealants. However, in contrast to the $23 per year cost of maintaining a child in a sealant program, the annual per capita cost (in 1981 dollars) of water fluoridation in five United States communities ranged from $0.06 in Denver, Colorado to $0.80 in rural West Virginia. 38 A comparison of the costs of a school-based sealant program with the cost of restoring the surfaces that would have become decayed without such a program would have to consider several variables that were not quantified in the present research, such as the perceived value of a sound tooth relative to one that has been restored, the discounted value of funds spent to prevent a future problem, and the expected life of a restoration and a sealant. Such a comparison also would have to come to grips with the fact that our bare bones estimate of the direct cost for a school-based sealant program is about $40 to $80 per surface saved from decay when sealants are provided to all children regardless of their susceptibility to tooth decay. applications, dental health lessons, and biweekly brushing and flossing were not consistently effective in preventing clinically significant amounts of tooth decay beyond that already prevented by typical home and dental office care. These results, obtained when the procedures were used singly and in combination, were consistent across age groups and sites. Sealant application was the only procedure that was effective in reducing decay in all four study groups. Although sealants prevented 23 to 65 per cent of the decay that occurred in the longitudinal control group, this percentage translated to just one to two carious surfaces prevented in four years. This is about the same amount of decay that was prevented by community water fluoridation, although sealants only affected pit and fissure surfaces. Because of the considerable difference in costs between sealants and water fluoridation, the latter procedure will continue to play the primary role in preventing dental decay.
The small preventive effect of several of the schoolbased procedures used in this study appears to have been due in part to the precipitous decline in the prevalence of tooth decay. Nevertheless, most children are still experiencing some decay. It will therefore be important to determine the reasons for the recent decline and its long-range impact in order to plan what types of school and non-school preventive programs will be needed in the future. The limited resources available for preventive care and the finding that a small percentage of children have most of the decay suggest that research also is needed to assess the feasibility of developing a program that could accurately identify high-risk children and effectively target care on them. 
